The Casas Grandes area in Chihuahua, Mexico and the site of Paquimé was the center of one the largest regional systems in the U.S. Southwest and Mexican Northwest (SW/NW) during the Medio period (CE 1200-1450). People participated in local and distant exchange networks with groups in the SW/NW, Mesoamerica, and West Mexico. Our knowledge of which obsidian sources people used in Casas Grandes is limited, despite how obsidian could have derived from many different places. We examine how the use of specific obsidian sources may relate to broader political and economic relationships within the Casas Grandes regional system and its association with the Mimbres and Animas regions of the SW/NW. We sourced 116 artifacts using EDXRF spectrometry from four sites that neighbor Paquimé. Results demonstrate people used obsidian from Chihuahua, Sonora, and New Mexico. There were varying levels of social interaction and regional integration because there is diversity in source use at the site level, and Casas Grandes were more connected to the Animas region than Mimbres regarding obsidian resource procurement.
Introduction
The UNESCO World Heritage Site of Paquimé in Casas Grandes, Chihuahua, Mexico was one of the largest and most socially complex polities of the prehispanic U.S. Southwest and Mexican Northwest (SW/NW). Paquimé was the center of a political, economic, and ceremonial regional system during the Medio period (CE 1200-1450), in part because there is evidence for the long-distance exchange and procurement of copper, marine shell, turquoise, scarlet macaws, cacao, iconography, and pottery from the SW/NW, Mesoamerica, and West Mexico (Bradley, 1999; Crown et al., 2015; Di Peso, 1974; Di Peso et al., 1974; Minnis et al., 1993; Vargas, 1995; Vokes and Gregory, 2007) . Charles Di Peso partially excavated the site between 1958 and 1961, and due to the high amount of exotica, as well as Mesoamerican-style platform effigy mounds and ball courts, he argued that elite Mesoamerican merchants (pochteca) who belonged to high-status families founded Paquimé as the northern-most Mesoamerican outpost by controlling the distribution of goods and services over a vast distance (Di Peso, 1974; Di Peso et al., 1974) . Early studies provided evidence for high levels of social stratification and differential access to resources (e.g., Ravesloot, 1988) , but this was based on research exclusively at Paquimé since no other sites were thoroughly investigated until decades later.
Later research including a revised chronology and field work helped to refute the establishment of Paquimé through Mesoamerican actors, and refine the extent of the Casas Grandes regional system in the SW/ NW (Dean and Ravesloot, 1993; Kelley et al., 2012; McGuire, 1980 McGuire, , 1993 Minnis, 1984; Whalen and Minnis, 1999 , 2001a , 2001b , 2003 , 2009a .
Casas Grandes archaeologists have primarily focused their research on exotics, ceramics, ritual architecture, and religion and iconography (VanPool and VanPool, 2015; Whalen, 2013; Whalen and Minnis, 1996; Woosley and Olinger, 1993) . While these material studies are critical for understanding Medio period life, archaeologists have yet to incorporate the geochemical source provenance of chipped stone raw materials to investigate the scope and scale of social and regional interaction and integration in northwestern Chihuahua. The availability and circulation of lithic raw materials are important for how groups manufactured and used stone tools on the landscape. Consequently, by studying which materials people used and where they acquired them from is central for gaining perspective into larger anthropological questions concerning social interaction. Obsidian played a small role in lithic manufacture in most parts of the SW/NW, but this highly knappable and extremely sharp volcanic glass can be accurately and reliably sourced to its primary outcrop to connect people, places, and things through time and across space. As a result, determining the source of obsidian artifacts is a major component of contemporary archaeological research around the world.
Unlike the Ancestral Pueblo, Hohokam, and Mimbres Mogollon regions to the north of Casas Grandes where obsidian sourcing is common (Arakawa et al., 2011; Duff et al., 2012; Ferguson et al., 2016; Fertelmes et al., 2012; Graves, 2005; Mills et al., 2013; Putsavage, 2015:240-282; Taliaferro et al., 2010; VanPool et al., 2013) , sourcing studies are limited for northwestern Chihuahua (Darling, 1998; Dolan, 2016; Vierra, 2005) . This is despite how archaeologists have circulated in the literature that obsidian at Medio period sites comes from Mesoamerica, West Mexico, and New Mexico without providing geochemical sourcing data or how many artifacts were sampled (Di Peso, 1974:2:631; Fish and Fish, 1999:39-40; VanPool et al., 2000:171) . Because there are many obsidian sources in the SW/NW (Fig. 1) , Mesoamerica, and West Mexico (Cobean, 2002; Glascock et al., 2010; Shackley, 2005) , and there is documented interaction between these three regions (Riley, 2005) , people in Casas Grandes could have obtained obsidian from many different sources and from diverse cultural groups. Therefore, the precise geochemical source identification of Medio period obsidian artifacts is invaluable information for understanding social interaction and regional integration with groups near and far.
Our goal for this paper is twofold, but our main contribution is to put the geographic extent of the Casas Grandes regional system into perspective using obsidian sourcing data. First, we sourced 116 obsidian artifacts from four Medio period sites that neighbor Paquimé using energy-dispersive X-ray fluorescence (EDXRF) spectrometry. With these data, we report on which sources people used to help answer if elites controlled and circulated obsidian from a limited number of sources to outlying communities, or if communities were autonomous and acquired obsidian from a variety of sources. Since archaeologists do not understand the obsidian exchange and procurement networks connecting Casas Grandes with the rest of the SW/NW, our second goal is to examine the geographic range of the Casas Grandes regional system to the north by comparing obsidian sourcing data from sites dating to CE 1200-1450 in the Mimbres and Animas regions of southwestern New Mexico. We examine how the use of specific obsidian sources may relate to broader political and economic relationships within the Casas Grandes regional system and its association to Mimbres and Animas. There are material and ideological connections between Casas Grandes, Mimbres, and Animas, but the magnitude to which groups interacted with one another during the thirteenth through mid-fifteenth centuries is debated (Carpenter, 2002; DeAtley and Findlow, 1982; Douglas, 1995 Douglas, , 2007 Fish and Fish, 1999; LeBlanc, 1980; Lekson, 2000; Minnis, 1984; Putsavage, 2015) . We suggest that if people in all three regions used similar obsidian sources, then they would be involved in possibly the same obsidian trade and procurement networks. Although if there is variation between the groups, then we might expect the occurrence of different trading networks and partnerships, thus influencing the extent of the regional system.
Background

The Casas Grandes regional system
The dispersal and circulation of, for example, shared iconography, architecture, and the production and exchange of pottery over a large geographic region can be considered a regional system. The material and cultural practices within a regional system will not be homogenous, however, since people will participate differently as a result of their unique histories (Pauketat, 2001) . Chaco Canyon in northwestern New Mexico, Hohokam in southern Arizona, and Casas Grandes are the three largest regional systems in the SW/NW (Crown and Judge, 1991; Neitzel, 2000; Whalen and Minnis, 2001a, 2001b) , but Casas Grandes is the least studied. Archaeologists define the Casas Grandes regional system by the distribution of Ramos Polychrome and other Chihuahuan ceramics, ball courts, and earthen ovens, but other artifact types and features are also involved (Carpenter, 2002; Fish and Fish, 1999; Rakita and Cruz, 2015; Whalen and Minnis, 1996 , 1999 , 2001a , 2009a Whalen and Pitezel, 2015) .
One question surrounding the Casas Grandes regional system is, did elites control the production and circulation of craft goods throughout the SW/NW, or were the organization a result of localized individual family units who were economically autonomous and not influenced by elites (Rakita and Cruz, 2015) ? Di Peso's work at Paquimé indicated elites had a high degree of uniform control and regional integration over a large portion of the SW/NW including all of northwestern Mexico, and parts of Arizona and New Mexico, but archaeologists did not understand regional models of social interaction outside the primate center because other Medio period sites were not fully investigated until the 1980s (Whalen and Minnis, 1999, 2001a ). Whalen and Minnis established three zones of interaction within the Casas Grandes regional system by examining the frequencies of certain artifact types (e.g., pottery, macaw cage door stones), earthen ovens, and architecture across the Chihuahuan landscape (Whalen and Minnis, 2001a , 2001b , 2009a . The zones include the Core Zone, Middle Zone, and Outer Zone (Fig. 2) . Whalen and Minnis's survey and excavation data revealed elites had less control as the distance from the center at Paquimé increased, and there is little support for integration beyond a 30 km radius. The regional system may not have extended much beyond 130 linear km north of Paquimé, and this distance is much smaller than what Di Peso envisioned (Minnis, 1984; Whalen and Minnis, 2001a , 2001b , 2009a Whalen and Pitezel, 2015) . Instead, this distance is more akin to the extent of the Chacoan and Hohokam regional systems (Crown and Judge, 1991) . We briefly summarize the Core, Middle, and Outer Zones starting in the next paragraph, but we refer readers to Whalen and Pitezel (2015) for an extended discussion.
Paquimé had the strongest influence over sites in the Core Zone, an area within a 30 km radius of the primate center. More precisely, sites within 10-15 km of Paquimé are referred to as the Inner Core Zone (Whalen and Pitezel, 2015) . The Inner Core Zone defines the limit for daily contact between communities and is about the distance a person can travel on foot and return home in one day (Drennan, 1984) . Sites in this zone have the closest link to Paquimé in the form of similar material culture and elaborate architecture (Rakita and Cruz, 2015; Whalen and Minnis, 2009a; Whalen and Pitezel, 2015) . Beyond the limit of daily interaction is the Outer Core Zone at 15-30 km from Paquimé. Although elites monopolized the political, economic, and ceremonial functions at and near Paquimé, there are higher levels of autonomy beyond this distance that suggests a lack of centralized control. Ball courts, bird cages, and large earthen ovens are found, but without the same pattern seen closer to Paquimé. The Middle Zone is within 60-80 km, and sites here have similar architectural features and ceramics as the Core Zone, but other features are rare or absent (Whalen and Minnis, 2009a) . The integrative features and agricultural facilities in the Inner Core Zone are absent in the Middle Zone. Only one small ball court and no macaw cage door stones were found in the Middle Zone, and this area lacks features associated with agricultural intensification, which was common in the Core Zone (Whalen and Pitezel, 2015) .
Finally, the Outer Zone is near the U.S.-Mexico border. Ramos Polychrome and other Chihuahuan ceramics, T-shaped doorways, collared hearths, and ball courts are present at some Black Mountain (CE 1150/1200-1300), Cliff (CE 1300-1450), and Animas phase (CE 1200-1450) sites in southwestern New Mexico (Carpenter, 2002; Fish and Fish, 1999; LeBlanc, 1980; Lekson et al., 2004; Putsavage, 2015) . The presence of these artifact types and architectural features, however, are variable and sparse. Ramos Polychrome are included in some Black Mountain and Cliff phase assemblages, but there is no evidence for ball courts, and other Casas Grandes-like features are rare or absent near the Mimbres region (Lekson et al., 2004; Putsavage, 2015; Rakita et al., 2011) .
The Animas region is in extreme southwestern New Mexico and southeastern Arizona. Material connections between Animas and Casas Grandes include ceramics, T-shaped doorways, platform hearths, and ball courts (Fish and Fish, 1999) . However, archaeologists debate the connections between Animas and Casas Grandes because some sites like Pendleton Ruin are not tightly bounded to Paquimé's influence, but Joyce Well is (Carpenter, 2002; Douglas, 1995 Douglas, , 2007 Minnis, 1984) . According to Di Peso, Joyce Well was a satellite community to Paquimé (Di Peso, 1974 :2:331-332, Di Peso, 1974 , even though it is located approximately 130 km north. This distance may be too far, and subsequently, Animas groups were not economically and ceremonially dependent on Paquimé (DeAtley and Findlow, 1982; Douglas, 1995; Douglas and MacWilliams, 2015; Minnis, 1984; Whalen and Minnis, 1996, 2003) . The source provenance of obsidian artifacts has not been considered in this discussion, however.
Obsidian in the Casas Grandes world
Obsidian occurs in very low frequencies in Medio period lithic assemblages (Di Peso et al., 1974:7:336-416; VanPool et al., 2000; Whalen and Minnis, 2009a:183-196) . People seldom used this volcanic glass because nodules from most SW/NW primary sources and cobbles from secondary gravel deposits are usually smaller in diameter than other locally available materials like chert, chalcedony, and basalt (Church, 2000; Shackley, 2005) . Obsidian nodules in northwestern Mexico range from small "Apache tears" of a few cm in diameter up to possibly 8 cm (Fralick et al., 1998; Kibler et al., 2014) . Smaller nodule size often hinder biface manufacture, and knappers used the bipolar percussion technique to make stone tools when nodules were only a few cm in diameter, or when non-local or rare materials needed to be conserved (Andrefsky, 1994) . When larger nodules were available, knappers used the direct hard hammer percussion method (Parry and Kelley, 1987) .
According to Di Peso et al. (1974:7:339) , a high proportion of the obsidian flakes and cores at Paquimé were utilized or worked, and many of the artifacts had edge retouch or had the surface modified. More than a quarter of the projectile points were made of obsidian (Di Peso et al., 1974:7:389-397) , but Di Peso's limited use of screening skewed these results, and more points were likely manufactured there. VanPool et al. (2000) compared the chipped stone assemblage at the Medio period site of Galeana with Paquimé, and their research indicated that people at Paquimé had greater access to obsidian which they obtained through trade. Of the 1121 cores and debitage recovered at Galeana, only 18 obsidian artifacts were present (VanPool et al., 2000: Table 2 ). VanPool et al. (2000:172) agreed with Whalen and Minnis's (1996) assessment that Paquimé's economic and political influence was limited, and elites did not redistribute lithic raw materials to sites that were beyond a 30 km radius of Paquimé. No Galeana obsidian artifacts were sourced as part of VanPool et al.'s (2000) study.
Previous sourcing studies
Less is known about the prehispanic use and geochemistry of obsidian in Chihuahua and Sonora compared to Arizona and New Mexico, but research is increasing (Darling, 1998; Dolan, 2016; Douglas and Quijada, 2005; Fralick et al., 1998; Pailes, 2016; Vierra, 2005) . Currently, there are five known obsidian sources in Chihuahua: Sierra Fresnal, Lago Barreal, Los Jagüeyes, Sierra la Breña, and Ojo Fredrico, and four in Sonora: Los Vidrios, Los Sitios del Agua, Selene, and Agua Fria ( Fig. 1) (Kibler et al., 2014; Martynec et al., 2011; Shackley, 2005) . Although the primary source outcrop of Antelope Wells obsidian is in New Mexico, this obsidian extends at least 15 to 20 km south into Chihuahua (Findlow and Bolognese, 1980; Shackley, 2005:57) . There are also unknown sources that the primary source locations are geographically unknown, but the trace elements are statistically different from known sources. The unknowns are most likely near the U.S.-Mexico border (Shackley, 2005) .
The identification of which obsidian sources people used, and how far they may have traveled to procure this material directly, or from whom they may have traded with substantially contributes to the understanding and maintenance of stone tool manufacture in Casas Grandes. Unfortunately, no geochemical sourcing analyses were conducted on obsidian during Di Peso's work at Paquimé. Instead, Michael Spence visually sourced some of the artifacts, and he concluded that no pieces of green obsidian from central Mexico were present (Spence-Di Peso, correspondence, 1967 -1968 , photocopies on file, University of Michigan; Di Peso et al., 1974:8:189; Spence, 1978:186, 269 fn. 25; see also Darling, 1998:266-267) . Based on visual characteristics like color, transparency, and opaqueness, Di Peso believed the obsidian came from the Llano Grande obsidian mine in Durango (Di Peso, 1974:2:630-631; Di Peso et al., 1974:7:337; Di Peso et al., 1974:8:189) . Di Peso was correct in that some of the flakes from Paquimé exhibit a unique color and banding not seen north of the border (Fig. 3) , but since few archaeological obsidian studies have been conducted in northwestern Mexico, researchers have yet to compare the macroscopic Fig. 2 . The Core, Middle, and Outer Zones in the Casas Grandes regional system in relation to sites and obsidian sources mentioned in text.
appearance of artifacts with the geochemical source, like it has been done in other parts of the Americas (Braswell et al., 2000; Pierce, 2015) . It is ill-advised to determine the source based off of visual analysis alone because flakes from the same source can vary in appearance (Glascock et al., 1998) . The only way to fully confirm which obsidian sources people used at Medio period sites is to use methods like EDXRF spectrometry.
Before this present study, only Darling (1998) and Vierra (2005) used geochemical methods to source obsidian artifacts from the Casas Grandes area. Darling (1998:264-269 , Appendix B.8, C.8) sourced 12 artifacts from Paquimé using EDXRF and neutron activation analysis (NAA). Four artifacts sourced to one unknown group (1B/1G), seven sourced to another unknown group (1C/2G), and one artifact sourced to Cow Canyon from eastern Arizona which is approximately 400 km northwest of Paquimé. Darling's (1998:269) sample size is small, but he suggested local systems of distribution and access to obsidian were put in place at Paquimé, rather than the use of pochteca traders. Vierra (2005) sourced 80 artifacts from the Late Archaic/Early Agricultural site of Cerro Juanaqueña, located some 60 km north of Paquimé. EDXRF spectrometry identified 6 sources including Chihuahua Unknown A (n = 36), Lago (Ojo) Fredrico (n = 18), Antelope Wells (n = 11), Sierra Fresnal (n = 10), Los Jagüeyes (n = 3), and Chihuahua Unknown B (n = 2). The main occupation of Cerro Juanaqueña has a much earlier date than the Medio period (ca. 1150 BCE), but the sourcing results indicate people consumed obsidian from many directions over a large geographic region. From these two studies, only obsidian found in the SW/NW were used, and no known sources from Mesoamerica or West Mexico were present like Di Peso suggested. This is assuming that all unknowns are in the SW/NW and not elsewhere.
Materials and methods
Medio period outlier sites
For this study, obsidian artifacts from the Medio period sites of 204, 242, 315, and 317 were sourced using EDXRF spectrometry (Fig. 2) . Whalen and Minnis (2001a , 2009a , 2009b ) excavated all four sites to understand how people lived outside the primate center of Paquimé.
Site 204 is one of the two largest sites near Paquimé. The site is located some 17 km west of the primate center which is just outside of the Inner Core Zone. Other than an estimated 220 rooms at the site, there is a large mound, an I-shaped ball court, multiple large earthen ovens, and multiple small room blocks (Whalen and Minnis, 2009a) . Due to the architectural elaboration and number of public and ceremonial features present, elites may have lived there. Thirty-seven obsidian artifacts from site 204 were used in this analysis. Site 242 is a small Medio period community located 27 km southwest of Paquimé which is just inside the Core Zone (Whalen and Minnis, 2009a:33-40) . This is the southern-most site used in this study, and it has about 20 rooms and architectural elaboration similar to Paquimé, but on a much smaller scale. A large I-shaped ball court and the only known platform mound outside of Paquimé is present at site 204. Because of these architectural features, Whalen and Minnis (2009a) suggest this site is an administrative satellite to Paquimé. Despite this, obsidian is rare, and only eight artifacts were sourced.
Site 315 is a medium-sized residential site that is located only 2 km west of Paquimé.
Unfortunately, the site was looted in the past, and according to a local report, many exotic artifacts were present, and Whalen and Minnis (2009b) also found exotics during their brief excavation. Sixtyfive obsidian artifacts from the site 315 were used in this analysis. Site 317 is located in the middle of the broad piedmont slope above the confluence of the Piedras Verdes and Palanganas Rivers, approximately 19 km west of Paquimé and is just outside of the Inner Core Zone (Whalen and Minnis, 2009a:25-32) . This is the smallest of the four sites discussed here, and it consists of a cluster of three small room block mounds with two large earthen ovens. Site 317 dates to the late thirteenth century and has evidence for occupation continuing until the early sixteenth century. Six obsidian artifacts from the site were used in this analysis.
EDXRF spectrometry
EDXRF spectrometry is an established technique to determine the elemental composition of obsidian. It is one of the most popular methods because it is non-destructive with little sample preparation, many research laboratories have EDXRF machines, and it is cost-efficient (Glascock, 2011:Table 8 .1). Using this method, archaeologists can compare the elemental composition of obsidian artifacts to other obsidian samples from known primary source locations to connect archaeological artifacts to sources with a high degree of confidence (Shackley, 2011) . At the Geoarchaeological XRF Laboratory in Albuquerque, New Mexico, Shackley (2014) analyzed all 116 artifacts using a ThermoScientific Quant'X EDXRF spectrometer. For a detailed discussion of instrumentation, methods, and procedures used, see Shackley (2005 Shackley ( , 2011 and http://swxrflab.net/anlysis.htm. The results presented in Appendix A are quantitative in that they are derived from "filtered" intensity values ratioed to the appropriate X-ray continuum regions through a least squares fitting formula rather than plotting the proportions of the net intensities in a ternary system (McCarthy and Schamber, 1981; Schamber, 1977) . In other terms, these data through the analysis of international rock standards, allow for instrument comparison with a predictable degree of certainty (Hampel, 1984; Shackley, 2011) .
Results
Ten obsidian sources were identified from the 116 artifacts sampled (Table 1) . Eighty-five artifacts (73.3%) from the assemblage characterized to a known source either in Chihuahua, Sonora, or New Mexico, but 31 artifacts (26.7%) characterized to a geochemically known but geographically unknown source. See Appendix A for trace elemental concentrations for all artifacts analyzed, and Figs. 4 and 5 for plots comparing Sr, Rb, and Zr of the known and unknown sources in the assemblage.
Identified obsidian sources
There are many obsidian sources in the SW/NW, but we only discuss the sources peopled used at sites 204, 242, 315, and 317. All six geographically known sources that were used are located near the Middle Zone (Sierra Fresnal), Outer Middle Zone (Agua Fria, Selene, and Los Jagüeyes), or Outer Zone (Antelope Wells and Mule Creek) (Fig. 2.) . Below we give brief source descriptions, but some contain more information than others because few thorough surveys have occurred in northwestern Mexico to define and describe the extent of primary and secondary sources, nodule size, and material quality. Readers should consult Shackley (2005) for a fuller treatment of SW/NW obsidian sources.
Antelope Wells
Twenty-eight artifacts from sites 204, 242, and 315 derive from the Antelope Wells obsidian source. Of the artifacts, 25 are flakes with a total weight of 16.30 g, one is a bipolar core that weighs 3.4 g, one is an exhausted core that weighs 3.9 g, and one is a triangular projectile point (Fig. 6) . Antelope Wells is a mid-Tertiary period obsidian source located in southern Hidalgo County, New Mexico, but extends into Chihuahua (Shackley, 2005:57) . According to Whalen and Minnis's model (Whalen and Minnis, 2001a , 2001b , 2009a Whalen and Pitezel, 2015) , Antelope Wells is considered in the Outer Zone and is approximately 130 km north of Paquimé. This source is an excellent medium for chipped stone reduction as it is characterized by a phenocryst-free matrix (Findlow and Bolognese, 1980) . Nodules can be up to 10 cm in diameter, but most are half that size (Findlow and Bolognese, 1980; Shackley, 2005) . Because Antelope Wells obsidian has a high Fe content and is a peralkaline source, flakes are often opaque and can appear green in transmitted light. The green color may have confused archaeologists into thinking Paquimé obsidian came from Mesoamerica, since the Pachuca source (Sierra Las Navajas) in Hidalgo, Mexico is distinctively green (Ponomarenko, 2004) . Los Jagüeyes and Chihuahua Unknown B are other peralkaline obsidians that can appear green at times.
Mule Creek (Antelope Creek)
One flake weighing 2 g from site 242 characterized to the Antelope Creek subsource of Mule Creek. Mule Creek is located in west-central New Mexico and is close to 400 km north of site 242. This distance far exceeds Whalen and Minnis's Outer Zone. Of the four geochemically distinct obsidian sources from Mule Creek (Shackley, 2005:53-55 ), Antelope Creek is the most used obsidian source in the Mimbres Valley (Dolan, 2016; Putsavage, 2015; Taliaferro, 2004 Taliaferro, , 2014 Taliaferro et al., 2010) . This is the first reported Mule Creek artifact in Chihuahua, and the presence of one flake from this source is intriguing. The source of green and yellow banded Redrock ricolite (serpentine) is also located in west-central New Mexico, and over 100 kg of this material was imported into Paquimé (Di Peso, 1974:2:630; Lekson, 2000 Lekson, :284, 2015 . Even though Mule Creek obsidian was popular with groups in southwestern New Mexico, people at Casas Grandes were not interested in using Mule Creek obsidian, even with the mass importation of ricolite.
Sierra Fresnal
Twenty-seven artifacts from sites 204, 315, and 317 derive from Sierra Fresnal. Of the artifacts, 26 are flakes with a total weight of 24.50 g and one bipolar core that weighs 3.7 g.
The Sierra Fresnal obsidian source is located in northern Chihuahua, and it is the only known primary source in the state (Shackley, 2005:83) . This source is on the fringes of the Middle Zone and is approximately 60 km north of Paquimé. Nodules have been located from the Arroyo Casas Grandes alluvium some 70 km north of Sierra Fresnal, as well at Arroyo Seco south of Nuevo Casas Grandes and Lago Fredrico. Sierra Fresnal obsidian can be collected at the primary source or in secondary deposits in the Rio Casas Grandes alluvium near the New Mexico Fig. 4 . Three-dimensional plot comparing Sr, Rb, and Zr of the known obsidian sources. Fig. 5 . Three-dimensional plot comparing Sr, Rb, and Zr of the unknown obsidian sources.
border, so it is impossible to determine exactly where the raw material was procured.
Los Jagüeyes
Seven artifacts from sites 204 and 315 derive from the Los Jagüeyes obsidian source in northern Chihuahua located near a tributary of the Río Santa María. This source is right on the Outer Middle Zone and is approximately 80 km east of Paquimé. Of the artifacts, two are flakes with a total weight of 3.0 g, one is an exhausted core weighing 2.20 g, two are manuports that are heavily water worn and tumbled with a total weight of 4.1 g, and two are projectile points (Fig. 6 ).
Selene
Seven flakes from sites 204 and 315 with a total weight of 3.90 g derive from the Selene obsidian source in northeastern Sonora. This source was previously identified as Sonora Unknown B, but Kibler et al. (2014) recently published a description of it. They demonstrate the prehistoric use of this obsidian is relatively uncommon in desert borderlands, even though Selene has relatively large marekanites ranging from three to 8 cm in diameter, but most are 5 cm and consist of high quality knapping material (Kibler et al., 2014) . According to Kibler et al. (2014:184) , Selene is 120 km west of Paquimé, and this is considered in-between the Outer Middle Zone and Outer Zone.
Agua Fria
Fourteen artifacts from sites 204, 242, 315, and 317 derive from the Agua Fria obsidian source. All artifacts are flakes with a total weight of 16.90 g. This Tertiary period source is located approximately 50 km south of the Arizona border (Shackley, 2005:79-80) , and is on the boundary of the Outer Middle Zone. Agua Fria nodules are up to 5 cm in diameter and are an excellent quality knapping material because it is aphyric. Flakes are mostly opaque but can be banded.
Chihuahua Unknown A and B, Sonora Unknown A, and Unknown
Despite the many decades of characterizing the trace elements of obsidian to connect archaeological artifacts to sources, there are still recurring geographically unknown sources that appear in SW/NW archaeological contexts (Shackley, 2005) . All unknowns described below exhibit elemental concentrations that are different from the sources presented above, and they do not match the artifacts analyzed in Fralick et al.'s (1998) study that focused on obsidian further south of Casas Grandes in Chihuahua. Similarly, these unknowns do not match known or unknown sources from Mesoamerica or West Mexico.
Seventeen artifacts from sites 204, 315, and 317 derive from the Chihuahua Unknown A obsidian source. All artifacts are flakes with a total weight of 12.30 g. Site 204 has the most with 11 artifacts, and because the location of Chihuahua Unknown A is most likely in northern Chihuahua, it is difficult to expand this discussion on the connection between this source and the Medio period sites.
Eleven artifacts from sites 204 and 315 derive from the Chihuahua Unknown B obsidian source. All artifacts are flakes with a combined weight of 9.70 g. Chihuahua Unknown B has an elemental composition similar to Antelope Wells but with a much lower concentration of Zr and slightly higher concentration of Nb. It is possible that this compositional group is the result of a co-genetic relationship with Antelope Wells, but it is not always found in association with Antelope Wells obsidian artifacts. Nevertheless, it is possible Chihuahua Unknown B is related to Antelope Wells and may be from a small dome complex nearby that remains undetected.
One flake weighing 0.10 g from site 315 sources to what Shackley identifies as Sonora Unknown A (Shackley, 2005:85) . This source has a relatively high concentration of Rb and very low Sr. Prehispanic groups did not use this source as much as others from southern New Mexico or the International Four Corners (Shackley, 2005:85) . As a result of Dolan's (2016) dissertation research, Shackley reexamined obsidian samples he collected in the 1980s to see if the Chihuahuan Unknown B source might be located near Antelope Wells in Hidalgo County, New Mexico. While Chihuahuan Unknown B was not present, one marekanites had the Sonora Unknown A composition. It is certainly possible that the Sonora Unknown A source is located near the Animas Mountains. Future work is planned to expand sampling in the Animas and Peloncillo Mountains area.
Three artifacts are labeled only as unknown. They derive from sources as yet unlocated, and they have not been seen before in archaeological or geological samples. These exhibit elemental concentrations that are different from the other unknowns above. One of these artifacts is an exhausted core from site 204 that weighs 2.60 g, and the other two are flakes from site 315 with a combined weight of 0.40 g. 
Results by site 4.2.1. Site 204
Thirty-seven obsidian artifacts from site 204 were sourced. Of the artifacts, three are projectile points (Fig. 6; Whalen and Minnis, 2009a:Fig. 6 .3 a, b), two are exhausted cores, and the remaining artifacts are pieces of chipped stone debitage. The sourcing results indicate eight geochemically distinct sources are present. People at the site used Chihuahua Unknown A the most (n = 11, 30%), but artifacts made from Antelope Wells (n = 6, 16%), Chihuahua Unknown B (n = 5, 14%), Los Jagüeyes (n = 5, 14%), Agua Fria (n = 4, 11%), Selene (n = 4, 11%), Sierra Fresnal (n = 1, 3%), and an unknown source (n = 1, 3%) exist. One of the projectile points is from Antelope Wells, but the other two are from Los Jagüeyes. The two exhausted cores are from Antelope Wells and an unknown source.
Site 242
Eight obsidian flakes from site 242 were sourced. The sourcing results indicate three geochemically distinct sources are present. People from the site used Antelope Wells obsidian the most (n = 6, 75%), but artifacts made of Agua Fria (n = 1, 13%), and Antelope Creek (Mule Creek) (n = 1, 13%) exist. Site 242 is the southern-most Medio period site in this study, and it has the most "exotic" obsidian which is a flake from Antelope Creek. Mule Creek is located approximately 400 km north of site 242.
Site 315
Sixty-five obsidian artifacts from site 315 were sourced. Of the artifacts, two are bipolar cores, one is an exhausted core, and the rest are chipped stone debitage. The sourcing results indicate nine geochemically distinct sources are present. People at the site used Sierra Fresnal obsidian the most (n = 25, 38%), but artifacts made from Antelope Wells (n = 16, 25%), Chihuahua Unknown B (n = 6, 9%), Agua Fria (n = 5, 8%), Chihuahua Unknown A (n = 5, 8%), Selene (n = 3, 5%), Los Jagüeyes (n = 2, 3%), unknown (n = 2, 3%), and Sonora Unknown A (n = 1, 2%) exist. The bipolar cores are from Sierra Fresnal and Antelope Wells, and the exhausted core is from Los Jagüeyes.
Site 317
Six obsidian flakes from site 317 were sourced. The sourcing results indicate three geochemically distinct sources are present. People at the site used Agua Fria the most (n = 4, 67%), but artifacts made from Sierra Fresnal (n = 1, 17%) and Chihuahua Unknown A (n = 1, 17%) obsidian exist.
Discussion
Because few Medio period obsidian artifacts were geochemically sourced before this study, new insights can be given into obsidian procurement, and how these sourcing results impact our understanding of the Casas Grandes regional system locally in Chihuahua and abroad in the Mimbres and Animas regions. Earlier sourcing studies by Darling (1998) and Vierra (2005) yielded similar results reported here, but artifacts from sites 204, 242, 315, and 317 exhibit sources previously not identified like Agua Fria, Selene, Mule Creek (Antelope Creek), and Sonora Unknown A. There was no evidence of Cow Canyon or Ojo Fredrico obsidian which was found at Paquimé and Cerro Juanaqueña, respectively. Similarly, the results we present reveal that none of the samples derive from Mesoamerica or West Mexico, assuming that the unknowns are located in the SW/NW.
Medio period obsidian
Based on the obsidian sourcing results from the four Medio period sites given above, people used six known sources located in Chihuahua, Sonora, and New Mexico including Antelope Wells, Mule Creek (Antelope Creek), Sierra Fresnal, Los Jagüeyes, Selene, Agua Fria, and four unknown sources including Chihuahua Unknowns A and B, Sonora Unknown A, and an unknown source that are likely near the U.S.-Mexico border. There is variation in source use at the site level as people preferred Chihuahua Unknown A at site 204, Antelope Wells at site 242, Sierra Fresnal at site 315, and Agua Fria at site 317, but close to half (47.4%) of the total assemblage characterized to Antelope Wells and Sierra Fresnal. While there is some evidence for elites distributing some goods and raw materials to outlying Medio period communities, obsidian was not part of this system. Rather, outlying groups acted autonomously regarding the social and economic relationships about obsidian consumption, and obsidian sources do not seem to be controlled. This is based on the fact that multiple sources were used and consumed, and source use was not homogenous. Instead, people decided which sources and trading networks to use independently from each other, and this is similar to other parts of the SW/NW (Duff et al., 2012; Graves, 2005) . Obsidian was not used as much as other lithic materials at these sites (Whalen and Minnis, 2009a:183-216) , but the informality of the obsidian assemblage and expedient technology could imply that obsidian was not seen as a rare resource because of access through recurrent social relationships and exchanges with people in the SW/NW. Moreover, many of the artifacts exhibit bipolar flaking because the obsidian nodules or cobbles were small in size, but there is also some evidence for hard-hammer percussion.
People acquired obsidian from both local and non-local sources, but it is unclear how they obtained it. EDXRF spectrometry tells which primary source the artifact was made from; it does not tell whether someone acquired it directly from the primary source, or along alluvial gravels at a secondary location, or through down-the-line exchange networks (Hughes, 2011) . Similarly, because the location and geographic extent of some sources in Chihuahua and Sonora are still unknown, we acknowledge it is difficult to distinguish between direct/embedded procurement and exchange. Lithic materials erode into river systems and can be carried tens to hundreds of km closer to habitation sites, and obsidian from some of the sources could have been collected nearby (Church, 2000) . We caution the use of distance from site to source in northwestern Mexico, because distance-decay models may not be as accurate in this region compared to other parts of the SW/NW since archaeologists do not fully know where some sources are, but models can be used heuristically. Based on the approximate location of the known obsidian sources, Agua Fria seems to be the closest source to many of the sites (Table 2 ), but Sierra Fresnal was the closest used source for site 315. Agua Fria is the only source used at all four sites, but this source consists of 12% of the total assemblage. Whether people procured obsidian themselves or acquired it through exchange networks, Antelope Wells and Mule Creek are the furthest sources used. It seems that people did not always consume the closest available source, because the two most used sources are Antelope Wells and Sierra Fresnal, and on average, Antelope Wells is approximately 150 km north of the sites, while Sierra Fresnal is about 80 km west.
Mimbres and Animas obsidian, CE 1200-1450
We briefly describe which obsidian sources people in the Mimbres and Animas regions used during the thirteenth through mid-fifteenth centuries to discuss connections with Casas Grandes. Source data were compiled from four Black Mountain phase sites (Montoya, Walsh, Old Town, Black Mountain) and six Cliff phase sites (Janss, Stailey, Disert, Kipp Ruin, Black Mountain, 76 Draw) in the Mimbres region, and three Animas phase sites (Joyce Well, Clanton Draw, Box Canyon) in the Animas region (Dolan, 2016; Putsavage, 2015:240-282; Taliaferro, 2014:296-302; VanPool et al., 2013) (Fig. 2) . Although source procurement varied among all Black Mountain, Cliff, and Animas phase sites, all sourcing data from sites dating to the time period were combined to allow for a more nuanced discussion (Table 3) .
Using a large sample size of sourced obsidian artifacts from the Mimbres region, archaeologists have shown that Black Mountain and Cliff phase groups used 14 sources, but here we focus our discussion on the three most used. The Antelope Creek subsource of Mule Creek is the dominant source during the Black Mountain and Cliff phases, but it is intriguing that the frequency of Antelope Wells decreases through time and Sierra Fresnal increases through time. There was movement throughout the Mimbres region as a result of social transformations starting in the mid to late twelfth century (Hegmon et al., 1999) , and the difference in source use may be a result of changing social networks that were first focused on the Animas region, but switched to northern Chihuahua during the fluorescence of Paquimé (Dolan, 2016; Putsavage, 2015) . For the Animas region, the sample size is small (n = 36), but 35 artifacts including debitage and projectile points sourced to Antelope Wells. One projectile point from the Animas phase site of Clanton Draw, however, sourced to the North Sawmill Creek subsource of Mule Creek (Dolan, 2016:175) . The high frequency of Antelope Wells obsidian at Animas phase sites is not surprising because it is the closest source, but the presence of Mule Creek obsidian in the Animas region suggests that people had trade relations with groups in the Mule Creek area.
Obsidian in the Casas Grandes regional system
We suggest that if people in the Casas Grandes, Mimbres, and Animas regions used similar obsidian sources, then they would be part of obsidian social networks. Although, if they used different sources altogether, there would be unique trade relationships which would influence the regional system. There are both similarities and differences in source use from CE 1200 to 1450. Agua Fria, Chihuahua Unknown A and B, Selene, and Sonora Unknown A are sources present only at Casas Grandes sites. The use of Antelope Wells, Mule Creek, Sierra Fresnal, and Los Jagüeyes is common to Casas Grandes, Mimbres, and Animas, although the utilization of these sources is variable.
We argue that the Mimbres and Animas obsidian sourcing result partly support both extensive and limited expansion of the Casas Grandes regional system to the north. Most of the obsidian sources used by Medio period occupants are not present in the Mimbres and Animas regions. While Mule Creek obsidian is overwhelmingly used in the Mimbres region, it is not essential to the obsidian economy of Casas Grandes and Animas. A connection does exist between Casas Grandes and Mimbres in the use of Antelope Wells and Sierra Fresnal, but we suggest there is a stronger connection between Casas Grandes and Animas with the high frequency of Antelope Wells obsidian. The Animas region was perhaps the major obsidian economic node to Casas Grandes communities because of the high proportion of Antelope Wells obsidian at Medio period outlier sites. This is corroborated by similar ceramic assemblages, ceremonial architecture, and other features (Fish and Fish, 1999) . Groups in Casas Grandes likely obtained Antelope Wells through trading networks with Joyce Well, and they probably obtained Sierra Fresnal obsidian through more local Casas Grandes networks. The Antelope Wells source is 4 km from Joyce Well. Animas groups likely traveled south to Casas Grandes to exchange Antelope Wells obsidian to be part of the Casas Grandes regional system and to learn ceremonies (Walker and Skibo, 2002) . Similarly, groups from Casas Grandes possibly trekked north to acquire obsidian from Joyce Well during embedded procurement trips to circulate their ritual knowledge.
Obsidian connections with Mesoamerica and West Mexico
For decades, archaeologists have discussed the material and ideological connections, or lack thereof, between Casas Grandes, Mesoamerica, and West Mexico. The obsidian sources people used at Paquimé are still unknown because we were unfortunately not able to secure permission to export the Paquimé obsidian and more artifacts from site 315 out of Mexico for sourcing. Although only SW/NW obsidian is present at the four sites we examined here, the sites are not as complex or have as many exotics as Paquimé. We take the conservative stance that it is still possible that non-SW/NW obsidian is present at Paquimé and other Medio period sites, but more sourcing is necessary, and this leaves room for future work. Given there are scarlet macaws from Mesoamerica, and marine shell and copper from West Mexico and archaeologists have found a few pieces of Pachuca obsidian at Spanish-era sites in northern New Mexico (Ferguson and Skinner, 2006; Vierra, 1989) , what is the significance of no Mesoamerican or West Mexican obsidian to date at prehispanic sites? This question is beyond the full scope of this paper and warrants additional exploration. However, based on this study, obsidian was not part of the suite of objects and raw materials that came from Mesoamerica or West Mexico.
Conclusion
To provide new insights into the Casas Grandes regional system locally in Chihuahua, and its connection to the Mimbres and Animas regions of southwestern New Mexico from CE 1200-1450, we presented the first well-grounded context study for Medio period obsidian procurement. This was accomplished by sourcing 116 obsidian artifacts using EDXRF spectrometry from four sites that neighbor Paquimé. The sourcing results from sites 204, 242, 315, and 317 indicate people consumed Antelope Wells and Sierra Fresnal obsidian the most, but artifacts made from Mule Creek (Antelope Creek), Los Jagüeyes, Selene, Agua Fria, Chihuahua Unknowns A and B, Sonora Unknown A, and an unknown source were also present. The six geographically known sources are scattered throughout northern Chihuahua, northeastern Sonora, and southwestern New Mexico.
The results highlight that some of the sources were not locally available and knappers used multiple forms of conveyance to acquire obsidian. Similar to other lines of archaeological evidence, there are varying levels of social interaction during the Medio period as people at the four sites used different sources, and obsidian was not a raw material that was specialized or controlled. Instead, communities appear to have acted independently from one another, and source use was not all homogenous. These data provide a window into lithic source procurement in an understudied region for obsidian studies, and this allows for further discussion on political and economic relations with other parts of the SW/NW. People in the Mimbres region from CE 1200-1450 primarily used obsidian from Mule Creek, but they also consumed Antelope Wells and Sierra Fresnal obsidian. At the same time, groups in the Animas region overwhelmingly used Antelope Wells obsidian. There seem to be similar obsidian social networks occurring because groups in Casas Grandes mostly used Antelope Wells and Sierra Fresnal obsidian, but not Mule Creek, although one piece was found in this study. However, there are differences because many sources that are used in smaller proportions in the Mimbres region do not occur in Casas Grandes, and vice-versa. This comparison has led us to suggest that Casas Grandes, Mimbres, and Animas groups organized their obsidian procurement strategies differently. Antelope Wells and Sierra Fresnal had an impact on obsidian lithic manufacture in Casas Grandes, Animas, and parts of the Mimbres region and these sources are important for understanding social and economic exchange and procurement networks in the southern SW/NW. When it comes to obsidian in the Casas Grandes regional system, it appears that it was both extensive and limited. Finally, extant artifact collections from Paquimé and other sites in Chihuahua are massive. Unfortunately, the technical analyses of these artifacts have not reached their full potential. EDXRF spectrometry and other methods were not as readily available, reliable, accurate, or costeffective when Di Peso excavated Paquimé. More samples need to be analyzed given the close genetic relationship of some obsidians in the International Four Corners, and for that reason, conducting special analyses on artifacts from sites in Chihuahua is a research priority going forward to illuminate future research objectives (Minnis and Whalen, 2015:14-15) .
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